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If planes had
sped up by the
same factor as
computers over
the past 50 years,

we would cross

the country in a

tenth of a second
1
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would still take
us two hours to

Yes, but it
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An Example: FLASH Turbulence Simulation ,24/
RObert FiSher’ Don Lamb L Et al') TN THEUNIVERSITYO@

'11M CPU hours
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turbulence simulation A ieSern e 5 AT
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Elements of the End-to-End Problem Include ...

® Massively parallel petascale simulation

B High-performance parallel /0

B Remote visualization

B High-speed reliable data movement

M Terascale local analysis

B Data access and analysis by external users

B Troubleshooting problems in end-to-end system
M Security

B Orchestration of these various activities
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B High-performance parallel /0
B Remote visualization

B High-speed reliable data movement _—
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() Bridging the Divide (1):

Q Move Data to Users
“Deliver this 100 When & Where
Terabytes to @ Needed
locations A, B, C Q
by 9am tomorrow”
mFast: >10,000x | @
faster than B Reliable: recover
usual Internet from many failures ‘

B Predictable: data
arrives when scheduled ‘

M Secure: protect expensive
resources & data ‘

HmScalable: deal with many
users & much data




Data Delivery Challenges

W Data complexity 23 TB
M Parallelism (in diverse places) .

B Network heterogeneities (e.g., firewalls) g WReRS
B Space (or the lack of it)

M Protocols and their peculiarities M%:‘; GridFTP

M Failures at many levels .
d 2 Mmins”?

Deadli
= ~eadiines @ 200.000 MB/sec

B Resource contention
B Multiple participants
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Current State of the Art: GridFTP

/10
Network

XIO Drivers
-TCP
-UDT (UDP)
-Parallel
streams
-GSl
-SSH

www.gridftp.org

Data Storage
Interfaces
(DSI)
-POSIX
-SRB
-HPSS
-NEST

File
Systems




Memory to Memory over 30 Gigabit/s Network
(San Diego — Urbar-~'
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Disk to Disk over 30 Gigabit/s Network
(San Diego — Urbana)
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“Lots of Small Files” (LOSF) Optimization C\EE?S

Number of files

Jesd
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Send 1 GB
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400 -
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File size (Kbyte) (16MB TCP buffer)

John Bresnahan et al., Argonne




Managed Object Placement Service (MOPS){CEb

: J

“Reserve 1 TB with

’ — | Scheduler /
1 GByte/s dCCeSS Resource Matchmaker

Propertles /
GridFTP Server / Aggregator
Server ACL NeST (or other)
Config &Status Plugins

User permitted?

A 4

- :
Y/N

XIO Plugins DSI Plugins

Network Avail???

Storage Rsrvation?




vice

LIGO Gravitational Wave Observatory

]
¥

~  Daia Replication Ser

4

. A =Cardiff
Billagtrs 2ol
e T sREI, s

Replicating >1 Terabyte/day to 8 sites s
770 TB replicated to date: >120 million replica
MTBF = 1 month

Ann Chervenak et al., ISI; Scott Koranda et al, LIGO H
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Lag Plot for Data Transfers to Caltech
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() Bridging the Divide (2):

(A) Allow Users to Move
Perform ® Computation
computation F on / Near Data
n /
data.sets X, Y,. Z N ) ,
ISC|e.nce services: >
provide analysis - —
functions near _ “«
data source HFlexible: easy ‘

integration of functions

B Secure: protect expensive ‘
resources & data

*\ users & much data ‘




For Example ...

Z} Earth System Gri icrosoft Internet Explorer

L]
W Entire datasets
Ggack + = - @ b | {Qisearch [ilFavorites fMedia (4 | - & IElx:]
Address I@ https: v, earthsystemarid.orgfindesx. jsp j ) ‘L'n
X Google - | || Bpsearchweb ~ @Roeaciste | gh | Ptk @ - Shsotlacked EHeutoril [ | & -
Y Earth System Grid v« Pazsvard] Login |Sreste,

Search Browse About ESG Intranet My Account
. D ata S u bsets Overview The Earth System Grid (ESG)
People integrates supercomputers, data and
Calendar analysis servers from numerous
Documents Free Text Searc national labs and centers to provide
Contact Us a powerful environment for next

Browse Datasets Catalogs

Search for a model simulation run by any
. . . N generation climate research.
X 1 1 O 1 5 O : 2 6 metadata text:
[} , [} [} , I e - e
B Predefined ti
@ CCSM (Community Clirmate System Model) Argonne National Laboratory
Z Lawrence Berkeley Mational Laboratory
r ] r ] i Lawrence Livermore National Laboratory
— O a | M e a X @ PCM (Parallel Climate Model) Matianal Center for Atmaspheric Research
Oak Ridge National Laboratary
@ OTHERMODEL 3RO STED AT.RCMD] University of Southern Califarnia/1SI
[] []
m User-defined operat|0| 1S
@ 2003, UCAR, All rights reserved,

— f X Home | Search | Browse | About ESS | Intranet | Top

— \ Data volume

Funded by the U.§, Department of Energy
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Server-Side Processing: Challenges

B Service authoring

— Easy creation of “services” encapsulating data
and/or computation

® Provisioning

— Allocate resources to services and to other
computations as demand changes

B Code portability and security
— Encapsulation and portability of application code




B RAVE: Remote Application
Virtualization Environment
(Ravi Madduri et al.)

— Builds on Introduce
— Define service -Advertize
— Create skeleton

— Discover types
— Add operations
— Configure security

— Wrap arbitrary
executables

M pyGlobus tools (Keith
Jackson et al., LBNL)

Discover

Invoke;
%t results




Provisioning: Stacking Service

B Purpose

— On-demand “stacks” of
random locations within
~10TB dataset

m Challenge

— Rapid access to 10-10K
“random” files

— Time-varying load
M Solution

— Dynamic acquisition of
compute, storage

AAAAAAAAAAAAAAAAAA




# of Workers

Release after 15 Seconds Idle
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On-Demand Access to Computing in Biology
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Running Jobs

Execution on
Open Science Grid

3000 A

2750 A

2500 A
2250 A
2000 -
1750 A
1500 A

-1000+ CPUs

1000 -

Running Jobs

750 4

500

250

0

[ L] i — [ [ [ [ [ [ L) [ [ =] [ — [
[ =] [ [ [ [ [ [ [ [ [ [ [ =] [ [ [
=] L= =) (=] — — — — o f=J =] (=] [=] L= L=] [ =] =)
= =t = =t = = o o = 1 |\ W\ W W W w
[ ] [ ) (] [0 ] (] (o] (o] [ ] (o] (] [0 ] (] (o] [t ] [0 ] [0 ] (]
e e T FER R s Fra i e T s R
o o o (=8 [=18 [=1 o [~ [=1 [=8 [=1 [=8 [~ [=8 o =18 o
< <t <L <I, <L < <L < <L <L <t <L < < < <[ <

|l ATLAS m AUGERY - CDF m CMS m DZERD

Genome Analysis &
DB Update (GADU)

Open Science Grid

Mon F'IaH 1 02:20:dZ GMT 2006




Configuration, Portability, and Encapsulation

Virtual workspace service: use virtual machine (VM) technology
to enable rapid deployment of complex codes on new computers

VWS
Service

Kate Keahey et al., Argonne




() Bridging the Divide (3):
Troubleshoot
End-to-End
Problems

“"Why did my data
transfer (or remote
operation) fail?”

H|dentify & diaghose

fallures & ‘
performance EInstrument: include
problems monitoring points in ()

all system components

B Monitor: collect data in ‘
response to problems

HmDiagnose: identify the
source of problems




Troubleshooting Challenges and Approach

B Many devices M Distributed responsibility
B Many failure cases B Interactions between components

Background
m : system Monitoring = — = Dg;ﬂ'jaw
. - N, start/ i .E"IEME i
-E-tclﬂ . g T‘
\ events s
s

detailed
events

Monitoring

Archive ol AT
Log Prediction,
management Performance
sernvice anomalies,

Failure detection

— Dalg

- == Metadata, control, guery




GridFTP Server GridFTP Server

3
L4
@ J47 — —I-E Globus XIO
Library o Library
Data transfers

CEDPS Log
Generation

& Collection:?
GridFTP

NetLogger
Instrumentation

NetLogger Log
Summarizer
Log files syslog-ng

__________________________________

NetLogger
Instrumentation

NetLogger Log
Summarizer
Log files

________________________________

syslog-ng

Anomaly
detection

Monitoring
Archive




FPercent overhead (log10)

Perturbation Caused by Trace Generation

= [JlHEN

— MR3 n O CE IO

compute

full | o
summarized

lterations per second

Dan Gunter, Jennifer M. Schopf]




GridF TP with Injected Performance

Perturbations
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Brian L. Tierney, Dan Gunter, Jennifer M. Schom




Injected perturbation
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Major Issues that are Currently Neglected

M Security

— Managing who within dynamic “virtual
organizations” can use what resources, access
what data, perform what computations

— Protecting end-to-end systems against attack
B The last mile

— Need to beef up campus infrastructures to enable
effective engagement with petascale science

B Connecting the ends

— Enabling sharing of data and services among users
of petascale (and terascale) resources
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Let Us Turbocharge your
Science ...

B Tools exist today, e.g.: S —
— GridFTP for data transfer =~

— DRS for data replication RS

— RAVE and pyGilobus for service authorlng
— OSG for on-demand access to computing

B Yet better tools are on the way:
— MOPS for storage and bandwidth management
— Virtual machines for portability and encapsulation
— End-to-end troubleshooting

Come to the CEDPS tutorial on Friday morning!




